INTRODUCTION {#sec1-1}
============

Prostatitis, benign prostatic hyperplasia (BPH), and prostate cancer (PCa) are the most frequent pathologies of the prostate gland.\[[@ref1]\] Prostate cancer is the most common cancer among men in Europe and United States. There is lack of epidemiological data on the exact prevalence of this disease in India. Because the screening for prostate cancer is not routine, the incidence of prostate cancer in India is always under recorded.\[[@ref2]\] BPH is a worldwide health problem that causes morbidity in older men.\[[@ref3]\] Although the exact cause of BPH is not known, the presence of androgens, especially dihydrotestosterone, and ageing are considered to be the major factors.\[[@ref4]\]

Zinc is an important constituent of prostatic fluid and is known to play an important role in the development and normal functioning of prostate.\[[@ref5][@ref6]\] Normal prostate tissues from healthy individuals accumulate the highest levels of zinc in the body.\[[@ref7]\] In the prostate epithelial cell, the accumulation of high cellular zinc is a specialized function that is necessary for these cells to carry out the major physiological functions of production and secretion of citrate.\[[@ref8]\] Malignant prostate cells that develop in the peripheral zone do not contain the high zinc levels that characterize the normal secretory epithelial cells.\[[@ref9]\] If this is the case, then one should expect that the zinc-accumulating process that characterizes the normal glandular epithelium is absent or defective in the malignant cells.

Studies consistently show that the zinc levels of malignant prostate tissue are 62%--75% lower than the normal prostate tissue.\[[@ref10]\] However, the pathway(s) that leads to lower zinc accumulation in malignant prostate epithelial cells are poorly understood.\[[@ref9]\]

The genetic and molecular mechanisms responsible for and associated specifically with the development and progression of malignant prostate cells are largely unidentified. However, the role of altered cellular metabolism as an essential factor in prostate malignancy has been largely ignored. The intermediary metabolism of normal prostate as well as malignant prostate cells are among the least studied and most poorly understood in all mammalian cells. Some important factors, especially the role of zinc, have been identified and implicated in the progression of prostate malignancy.\[[@ref11]\]

The utility of urinary zinc determination as a measure of zinc status is also limited by the difficulties encountered in collecting a 24 h urine specimen without exogenous zinc contamination.

In this study, we assessed the changes in zinc in association with the development of BPH or prostate carcinoma in men in our Indian population . We analyzed plasma zinc, urine zinc/creatinine ratio and prostatic tissue zinc to observe whether there was any association between them i.e. as plasma zinc and tissue zinc falls, does the urine zinc excretion increase in prostatic pathologic conditions.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Patients and protocol {#sec3-1}

Patients attending the urology clinic of our hospital and presenting with symptoms of BPH or prostatic cancer were enrolled for the study. Chips of prostatic tissue taken from patients in the age group 50--75 years who underwent transurethral resection of prostate for BPH (*n* = 123) and from tissues of 20 patients in the age group 55--85 years, who underwent radical prostatectomy for prostate carcinoma were sent for histological analysis and for estimation of zinc as described. Blood and random urine samples were also collected in heparinized tubes and zinc-free containers, respectively, from these patients 1 day before surgery, processed and stored at --20°C for analysis of plasma zinc and urine zinc. This study was approved by the Institutional Review board and ethics committee of our Institution.

Tissue specimens from the normal prostate of 20 autopsy cases of patients who died due to illness other than malignancy were included as a control group in this study. Twenty normal healthy males (age between 30 and 50 years) were also included in the study for estimation of plasma zinc and urine zinc/creatinine ratio.

### Tissue preparation and trace element zinc analysis {#sec3-2}

For trace element analysis, prostate tissues of hyperplastic prostate glands weighing about 40--100 mg were used. The tissues were placed in equal volumes 1:1, v/v nitric acid and perchloric acid and digested as described.\[[@ref12]\] The digested solution was used to determine the levels of zinc by atomic absorption (Perkin--Elmer analyzer 100). The concentration of tissue zinc is reported in microgram per gram dry weight and wet weight, respectively. Plasma zinc, urine zinc, and urine creatinine were estimated as described.\[[@ref13][@ref14]\]

### Preparation of plasma {#sec3-3}

5 ml blood was withdrawn from each patient and transferred into a tube containing 250 IU of sodium heparin. The tube was centrifuged for 10 min at 3500 r/min. Plasma was immediately separated into zinc-free containers, frozen at --20°C until analysis for plasma zinc using A.A.S.

### Collection of urine {#sec3-4}

Random urine samples were collected from each patient on the day before the surgery and from healthy volunteers (control group) in zinc-free polypropylene containers. The urine sample was aspirated in the A.A.S and the reading compared with a standard containing 25 μg zinc/100 ml. Results were reported as μg/l. Urine creatinine (mg%) was estimated using the colorimetric kinetic Jaffe alkaline picrate reaction without deproteinization in the Hitachi 912 analyzer. The urine zinc/creatinie ratio was used to determine the amount of zinc in the random urine sample. The ratio corrects for effects due to concentration or dilution of the urine.

### Quality control {#sec3-5}

Quality control (QC) values for plasma zinc using a commercial assayed chemistry control Biorad UK: are presented. N = 18, mean = 98.2 μg/dl, %CV = 5.6%.

### Statistical analysis {#sec3-6}

Data are expressed as Mean ± SD. Differences between groups were analyzed using paired t-test and ANOVA. A difference was considered statistically significant when the *P* \< 0.05.

RESULTS {#sec1-3}
=======

Figures [1(a--d)](#F1){ref-type="fig"} shows the tissue and plasma zinc levels of normal prostate, BPH, and in prostate carcinoma. The mean prostatic tissue zinc concentration in normal prostate from autopsy cases, from patients with BPH or prostate carcinoma was 1009 ± 155, 387 ± 86.1, and 175 ± 58.6 μg/g dry weight, respectively. There was a significant decrease in mean prostatic tissue zinc levels (dry weight) in prostate carcinoma (*P* \< 0.001, 82.6% decrease) and in BPH (*P* \< 0.01, 61% decrease) as compared with controls. Further there was 54.7% decrease (*P* \< 0.01) in prostate carcinoma as compared to BPH.

![Zinc status in normal subjects, BPH and Prostate carcinoma. (a) Tissue zinc levels (µg/g) dry weight. (b) (µg/g) wet weight. Values are shown as mean ± SD. \**P*\< 0.05, \*\**P*\< 0.001, as compared with normal. (c) Plasma zinc levels. Values are shown as mean ± SD. \**P*\< 0.01 as compared with normal. (d) Urine zinc/creatinine ratio. Values are shown as mean ± SD. ^\#^*P*\< 0.005, ^\#\#^*P*\< 0.001, as compared with normal healthy person.](IJU-27-14-g001){#F1}

The mean plasma zinc concentrations in normal healthy controls (*n* = 20) and in patients with BPH (*n* = 45) and prostate carcinoma (*n* = 18) were 86.5 ± 15.2, 77 ± 9.5, and 63 ± 6.4 μg/dl, respectively. A significant mean 27% decrease in plasma zinc levels was observed in prostate carcinoma patients as compared with controls and a mean decrease of 18% (*P* \< 0.05) in plasma zinc was observed in prostate carcinoma as compared with BPH. There was no significant decrease in plasma zinc between BPH and normal controls as shown in [Figure 1c](#F1){ref-type="fig"}

As shown in [Figure 1d](#F1){ref-type="fig"} the mean urine zinc/creatinine ratio in normal healthy controls (*n* = 20), and patients with BPH (*n* = 45) and prostate carcinoma (*n* = 18), was 0.513 ± 0.101, 0.615 ± 0.144, and 1.099 ± 0.190 μg/mg, respectively. A significant mean 44% increase was observed in the urine zinc/creatinine in prostate carcinoma as compared to BPH. Further a significant increase (*P* \< 0.01, mean 53%) was observed in urine zinc/creatinine (ratio) in prostate carcinoma as compared with controls. There was significant increase in mean urine zinc/creatinine ratio in BPH as compared to normal prostate (*P* \< 0.05, mean 19.8%).

DISCUSSION {#sec1-4}
==========

The human prostate gland contains a higher level of zinc than most other tissues.\[[@ref15]\] The most consistent and persistent biochemical characteristic of prostate cancer (PCa) is the marked decrease in zinc in the malignant cells. Using biochemical methods (A.A.S), this study of zinc in pathologic conditions such as BPH and prostatic carcinoma showed a significant difference in concentration of tissue zinc, plasma zinc, and urine zinc/creatinine ratio in these patients as compared with normal healthy persons.

We observed a significant decrease in mean tissue zinc levels in prostatic carcinoma and BPH as compared to normal prostate from autopsy cases. It was observed that plasma zinc levels before surgery from patients presenting with prostatic carcinoma showed a significant decrease as compared to normal healthy volunteers.

Our study is consistent with earlier studies that were reported separately, in which the level of plasma or tissue zinc is substantially lowered in the cancerous prostate and BPH than in normal prostate.\[[@ref16][@ref17]\] In contrast, an increase in tissue zinc in BPH and a decrease in tissue zinc in prostatic carcinoma as compared to controls has been reported in another study.\[[@ref18]\]

Neoplastic diseases and infectious diseases have been reported to lead to changes in zinc metabolism as evidenced by alterations in plasma zinc.\[[@ref19]\] The presence of this condition that alters plasma zinc content may lead to accumulative zinc depletion in the tissues.

Changes in only plasma zinc concentrations are an insensitive indicator as hypozincemia may occur when the dietary intake is very low. Lowered plasma zinc or urine zinc have been documented in patients with gastrointestinal disorders, Crohn\'s disease, regional enteritis, and deficient dietary intake.\[[@ref20][@ref21]\] Hence, plasma zinc alone cannot be an indicator of possible malignancy as there could be a zinc deficient status due to diet.

It has been observed that zinc deficiencies in patients with neoplastic diseases and inflammatory diseases have been attributed to loss of zinc from catabolic tissue and increased urinary excretion of zinc subsequent to its mobilization from interleukins.\[[@ref20]\]

Although an increase in renal zinc excretion in cancer patients is well documented,\[[@ref22]\] the mechanisms involved are still disputed. While urine-zinc concentrations can be affected in various diseases, the measurement of zinc in a sample of urine collected during 24 h can be helpful for the diagnosis of zinc deficiency in healthy individuals. However, there is no data so far regarding zinc in basal urine (random urine sample) expressed as Zn/creatinine ratio. Our results showed the Zn/creatinine ratio in basal urine was an important indicator of the increased excretion of zinc in prostate cancer patients as compared to normal healthy males.

Patients with cancer can excrete as much as three times more zinc in their urine than normal persons.\[[@ref22]\] Increased urinary zinc excretion in cancer patients may be linked to immune activation and renal-tubular-cell dysfunction and skeletal-muscle catabolism.\[[@ref23]\]

We have found a 2.1 times increase in urinary zinc excretion in prostate cancer patients as compared to normal healthy controls in this study. It was observed in our study that the mean urine zinc/creatinine ratio shows a significant increase (53%) in prostate carcinoma group as compared to the normal control group, whereas a 44% increase in urine zinc/creatinine ratio of prostatic carcinoma as compared to the BPH group.

As discussed, studies reported earlier have measured either tissue zinc or plasma zinc in prostate carcinoma or BPH. The present study, on the other hand has measured all the three parameters related to zinc levels in pathological conditions of the prostate and compared with controls. To our knowledge, this is the first study showing the association between the levels of tissue zinc, plasma zinc and urine zinc in BPH, and carcinoma. This relationship may suggest that the lost ability of the malignant cells to accumulate zinc is an important factor in the development of prostate malignancy. The presence of the diseased status, i.e., prostate carcinoma or BPH, which alters plasma-zinc level may be responsible for the observed decrease in prostate tissue zinc levels.

The data presented in this study, therefore, suggest that pathological conditions of the prostate gland in patients with BPH or carcinoma may be associated with an alteration in biochemical parameters such as reduction in the level of tissue zinc, plasma zinc, and an increase in urinary zinc excretion.

It is well documented that tumor cells undergo metabolic transformations that are essential for their malignant existence but are not the cause of malignancy. The specialized function of the normal prostate glandular epithelium to produce and secrete enormously high levels of citrate requires unique intermediary metabolic activities that are not generally associated with other normal mammalian cells. The accumulation of zinc in normal prostate glandular epithelial cells results in two important effects, a metabolic effect, and a proliferative effect. Its metabolic effect is the inhibition of citrate oxidation, which is necessary for prostate function. A second effect of zinc is its inhibition on prostate-cell proliferation.\[[@ref24]\]

In malignancy, the normal zinc-accumulating citrate-producing epithelial cells are metabolically transformed to citrate-oxidizing cells that lose the ability to accumulate zinc. A genetic alteration in the expression of ZIP1 zinc transporter is associated with this metabolic transformation. These genetic/metabolic relationships have important consequences on citrate-related metabolism, bioenergetics, cell proliferation, and invasive capabilities of the malignant cells, which result in tumor-suppression characteristics. Zinc is critical to these relationships.\[[@ref11]\]

There appears to be an association between plasma zinc, tissue zinc, and urine zinc in prostatic diseases in our study. This pattern of change in zinc concentrations (i.e., low plasma zinc and tissue zinc in combination with high urine zinc) is typical of patients with zinc deficiency due to disease and suggests that a chronic zinc deficiency status may be present in some of these patients as the disease progresses.\[[@ref25]\]

Further studies will help clarify whether, along with clinical diagnosis, the zinc concentration in prostate biopsy specimens, plasma zinc and urine zinc/creatinine ratio of patients presenting with symptoms of prostatic diseases, are useful in the differential diagnosis of diagnosed prostatic carcinoma and BPH.

It also appears that the development of malignancy in prostate cancer may involve an essential metabolic transformation that results in the lost capability of malignant cells to accumulate zinc. Consideration of the clinical and biochemical evidence presented here leads to the conclusion that an altered zinc metabolism may play an important role in the pathogenesis of prostate malignancy.
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